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Abstract 


1)  lower  resistive  loss  (thus  higher  efficiency) , 


The  long-life,  low-loss  switch  requirements  of 
the  Molecular  Laser  Isotope  Separation  program  have 
focussed  much  attention  on  the  possible  application  of 
hydrogen  thyratrons  in  electrical  discharge  excimer 
laser  systems.  Special  low  inductance,  high  dl/dt 
thyratrons  have  been  developed  for  use  in  low  imped¬ 
ance  discharge  circuits.  Even  though  thyratrons  meet 
the  life  and  loss  requirements,  state-of-the-art  de¬ 
vices  are  peak-current-limited  at  the  high  repetition 
rates  required  by  the  laser  system.  To  overcome  this 
drawback,  several  thyratrons  can  be  operated  in  paral¬ 
lel.  Current  sharing  forced  by  individual  ballast 
elements  is  not  allowed  since  this  would  result  in  ex¬ 
cessive  inductance  and  reduced  dl/dt.  Instead,  the 
thyratrons  are  connected  in  "hard"  parallel  in  a 
stripline  circuit;  that  is,  the  anodes  are  connected 
together  using  a  stripline  and  the  cathodes  are  simi¬ 
larly  connected.  Equal  current  sharing  between  tubes 
is  then  easily  accomplished  by  adjusting  the  grid  bias 
so  that  the  tubes  commutate  within  1  ns  of  each  other. 
A  microprocessor-based  control  circuit  monitors  tube 
currents  using  special  current  viewing  resistors 
(CVR's)*  and  makes  appropriate  adjustments  in  the  grid 
bias  to  maintain  current  sharing.  Since  each  tube  is 
controlled  independently,  many  thyratrons  can  be 
operated  in  a  single  laser  circuit.  A  complete  dis¬ 
cussion  of  the  thyratron  circuit  and  the  controls  is 
included . 


Introduction 


Parallel  operation  of  thyratrons  dates  to  the 
early  40' s  at  the  Evans  Signal  Laboratory  where  the 
first  experiments  of  this  type  were  performed.  It  was 
concluded  that  to  operate  thyratrons  in  parallel  a 
"balancing  inductor"  must  be  used  to  force  equal  cur¬ 
rent  distribution  between  the  tubes.  There  is  very 
little  documentation  on  parallel  operation  of  thyra¬ 
trons,  but  of  all  data  available,  the  consensus  is 
that  some  type  of  impedance  must  be  connected  in 
series  with  each  tube. 1 >2  A  schematic  of  a  typical 
parallel  thyratron  circuit  is  shown  in  Fig.  1. 

Using  inductive  elements  in  series  with  the 
thyratrons  makes  parallel  operation  possible  but  also 
increases  the  total  inductance  of  the  discharge  loop. 
In  low  impedance,  high-dl/dt  laser  drive  circuits  this 
added  inductance  is  not  acceptable. 

Research  conducted  at  the  Los  Alamos  National 
Laboratory  in  the  area  of  high-repetition-rate  switch¬ 
ing  has  resulted  in  the  successful  operation  of  thyra¬ 
trons  in  "hard"  parallel.  "Hard"  parallel  is  defined 
as  connecting  the  anodes  directly  to  a  common  plate 
and  connecting  the  cathodes  in  similar  fashion. 

The  capability  of  operating  thyratrons  hard 
parallel  in  low  inductance  circuits  have  several  rami¬ 
fications.  Spark  gaps  with  flow  systems  have  provided 
the  only  means  of  switching  high-current,  short-pulse 
rep-rated  systems,  but  parallel  thyratrons  may  soon 
replace  these  gaps.  Thyratrons  have  several  advan¬ 
tages  over  spark  gaps.  They  exhibit: 

*The  special  current  viewing  resistors  are  discussed 
in  "Low  Inductance  Current  Viewing  Resistors  for 
Hydrogen  Thyratrons,"  submitted  by  C.  A.  Muehlenweg  of 
T  &  M  Research  Products,  Inc. 


2)  longer  life, 

3)  no  gas  or  air  flow  requirement, 

4)  lower,  more  controllable  jitter, 

5)  higher  power  gain  (thus  higher  efficiency) 
when  compared  to  spark  and  rail  gaps. 

These  points  make  a  more  efficient  and  economical 
system  for  long-term  operation.  The  remainder  of  this 
report  will  discuss  the  experimental  apparatus,  princi¬ 
ples  of  parallel  operation,  and  areas  of  investigation. 

Circuit  Operation 


A  photograph  of  the  parallel  tube  test  circuit  is 
seen  in  Fig.  2. 


TYPICAL  PARALLEL  THYRATRON  CIRCUIT 


Fig.  1.  Typical  parallel  thyratron  circuit. 


Fig.  2.  Parallel  tube  test  circuit. 
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Items  of  interest  are: 

1)  the  PFN, 

2)  the  low-inductance,  folded-foil  load, 

3)  the  two  HY-3013  thyratrons,  and 

4)  the  two  thyratron  current  viewing  resistors 

Circuit  parameters  for  the  initial  test  circuit 
were  chosen  so  that  the  thyratrons  would  not  be 
stressed  in  any  way.  An  anode  voltage  of  25  kV  and  a 
PFN  impedance  of  25ft  will  yield  a  peak  current  of  250  A 
per  tube,  which  is  one  half  the  maxim^y  cathode  current 
rating.  A  relatively  low  dl/dt,  5  10  A/s,  was  main¬ 
tained,  thus  not  exceeding  the  anode  breakdown 
factor  and  keeping  anode  dissipation  below  25  W  per 
tube  at  1250  pps .  The  50  W  total  anode  dissipation 
corresponds  to  2.5%  of  the  total  power  dissipated  in 
the  load.  Operating  at  these  parameters  will  make  tube 
failure  very  unlikely  so  any  problems  encountered 
should  be  associated  with  "hard"  parallel  operation. 

Results  from  previous  experiments  with  HY-3013' s 
indicated  that  for  fastest  switching  time  and  lowest 
jitter,  the  control  grid,  G2,  should  be  bypassed  to  the 
cathode  with  a  15  nf  capacitor,  and  the  auxiliary  grid, 
Gl,  should  be  triggered.  To  achieve  higher  hold-off 
voltages  and  enhance  recovery,  for  high  repetition 
rates,  negative  bias  is  applied  to  G2  from  a  high  impe¬ 
dance  source.  The  most  important  effect  of  negative 
bias  on  G2  is  that  it  changes  the  anode  commutation  de¬ 
lay  time.  The  commutation  delay  time  increases  by 
approximately  300  ps  for  every  volt  negative  bias 
applied  to  G2 .  Utilizing  this  aspect  of  thyratron 
behavior  is  one  method  which  makes  possible  the  "hard" 
parallel  operation. 

The  schematic  of  the  parallel  thyratron  switching 
circuit  is  seen  in  Fig.  3.  Both  HY-3013's  are  trigger¬ 
ed  from  one  driver  capable  of  delivering  two  identical 
output  pulses.  The  auxiliary  grid,  Gl,  is  triggered 
with  a  2000  T  1  ps  pulse'  from  the  50ft  source. 

A  fixed  negative  bias  is  applied  to  the  control 
grid,  G2,  of  HY-3013  #1.  Thyratron  pulse  currents  are 
monitored  by  computer-controlled,  dual-channel  waveform 
digitizers  via  the  special  low  inductance  (<3  nH) 
current  viewing  resistors.  A  computer-controlled  power 
supply  provides  negative  bias  to  the  control  grid  of  HY 
3013  #2.  If  the  current  of  HY-3013  #1  becomes  larger 


than  that  of  HY-3013  #2,  the  negative  bias  of  #2  is 
reduced.  Likewise,  if  HY-3013  #1  pulse  current  be¬ 
comes  less  than  that  of  #2,  the  computer  increases  the 
negative  bias  on  HY-3013  #2.  A  bias  update  is  required 
approximately  every  10  s  to  maintain  equal  current  in 
the  thyratrons  at  a  repetition  rate  of  250  pps  or 
below.  At  rep  rates  above  250  pps,  an  update  must 
occur  every  second.  (Note:  The  CVR's  do  add  inductance 
in  series  with  the  thyratrons.  However,  the  inductance 
of  the  CVR  is  <3  nH  compared  to  the  HY-3013 's  25-30  nH 
inductance.  Also  the  CVR's  have  a  measured  risetime  of 
750  ps,  compared  to  the  15-20  ns  switching  time  of  the 
HY  3013.) 

Replacing  the  digitizers  and  computer  with  high 
speed  A  to  D  converters  and  a  microprocessor,  update  of 
negative  bias  is  provided  every  1  ms .  This  method  of 
controlling  current  sharing  in  parallel  thyratrons  has 
two  important  features : 

1)  Many  thyratrons  can  be  operated  in  parallel 
since  all  are  referenced  to  a  single  tube. 

2)  One  driver  can  be  used  to  provide  identical 
trigger  pulses  to  all  thyratrons,  which  is 
beneficial  in  maintaining  low  jitter. 

A  practical  limit  of  5  thyratrons  can  be  operated 
from  one  driver  and  one  microprocessor  controller  at 
1000  pps  rep  rate. 

Experimental  Investigation 

Several  areas  of  investigation  have  been  and  will 
be  addressed  in  the  parallel  thyratron  project.  These 
areas  are: 

1)  rep  rate  negative  bias  update, 

2)  jitter, 

3)  switching  efficiency  and  loss, 

4)  and  life. 

The  initial  testing  of  the  parallel  tubes  was  done 
at  10  pps  and  rapidly  increased  to  250  pps.  Negative 
bias  adjustments  were  made  manually  with  an  update 
about  every  5-10  s.  At  rep  rates  greater  than  250  pps, 
negative  bias  update  must  be  made  by  automated  means. 

To  perfect  the  operation  of  parallel  thyratrons  at  1000 
pps  rep  rates,  a  high  speed  circuit  to  control  negative 
bias  was  designed.  A  simplified  block  diagram  of  the 


Fig.  3.  Low  inductance  parallel  thyratron  switching  circuit. 
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control  circuit  is  seen  in  Fig.  4.  The  output  of  the 
thyratron  CVRs  is  converted  to  an  8-bit  parallel  signal 
with  high-speed  A-D  converters.  The  digital  signal 
from  the  A-D  converters  is  fed  to  a  Mostek  Z-80  micro¬ 
processor  through  a  Mostek  3881  in/out  port.  The  Z-80 
compares  the  signals  and  makes  appropriate  changes  in 
the  negative  bias.  (The  actual  process  of  the  control 
circuitry  is  somewhat  more  complicated.)  Settling  time 
for  a  bias  adjustment,  that  is,  time  from  CVR  signal  to 
actual  bias  change  is  approximately  1  ms.  Protection 
circuitry  is  provided  in  case  the  amplitudes  of  the 
CVR's  are  not  within  certain  preset  limits;  if  the 
limits  are  exceeded,  the  high  voltage  supply  will  be 
crowbarred . 


THYRATRON 

CVR 


THYRATRON 

CVR 


PARALLEL  THYRATRON  CONTROL  CIRCUITS 


Fig.  4.  Parallel  thyratron  control  circuits. 


Jitter  is  very  important  in  the  timing  scheme  for 
the  Molecular  Laser  Isotope  Separation  Project.  There¬ 
fore,  it  has  been  studied  very  carefully.  With  proper 
drive  and  proper  circuit  components,  the  overall 
circuit  jitter  is  less  than  2  ns  peak  to  peak. 

Loss  in  a  thyratron  is  due  mostly  to  the  power 
dissipation  during  turn  on  or  switching  time  (also 
known  as  anode  fall  time).  To  minimize  loss,  switching 
time,  Tg ,  must  be  minimized.  Switching  time  is  a 
function  of  tube  pressure  (reservoir  voltage),  drive, 
bias,  and  circuit  components. 

Appendix  A  contains  graphs  of  switching  time, 

Ts,  vs  drive  to  G1  and  negative  bias  on  G2 .  It 
should  be  noted  by  varying  only  the  drive,  bias,  and 
the  G2  bypass  capacitor,  the  switching  time  can  be 
varied  from  50  ns  to  19.1  ns.  At  high  reservoir 
voltages,  7.0  VAC,  switching  times  of  15.5  ns  have  been 
achieved  at  25  kV  anode  voltage  (resonant  charging). 
Acquiring  thyratron  life  data  is  a  slow  process  due  to 
long  life  times.  However,  for  the  HY-3013,  the 
following  parameters  have  been  consistent  with  a  normal 
thyratron  life: 


Autopsies  of  HY-3013s  operated  at  the  above  para¬ 
meters  have  shown  that  life  was  limited  by  cathode  de¬ 
pletion.  The  cathode  was  evenly  utilized.  No  signs  of 
hydrogen  depletion  were  noticed  and  there  was  very 
little  crystallization  of  the  reservoir. 

Conclusions 


Successfully  operating  thyratrons  in  "hard" 
parallel  have  made  possible  the  use  of  these  devices  in 
high  peak  current,  high  rep  rate  circuits.  Ongoing 
work  with  this  technique  will  include  high  dl/dt  test¬ 
ing,  life  test,  and  multiple  parallel  tube  circuits. 
Parallel  thyratrons  are  geometrically  oriented  for  use 
in  striplines  and  large  laser  assemblies.  High  power 
gain  and  long  life  make  thyratrons  a  viable  choice  over 
spark  and  rail  gaps. 

Thyratron  technology  in  design,  construction,  and 
operation  is  advancing  at  a  record  pace.  Large 
diameter,  low  inductance  thyratrons  and  tubes  requiring 
no  heater  or  reservoir  power  are  being  built  and 
tested.  All  these  features  along  with  the  fact  that 
once  operational,  a  thyratron  circuit  is  practically 
maintenance  free,  will  make  thyratrons  the  logical 
choice  for  high  power  switching  in  many  future 
applications . 
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25  kV 
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